Temperature dependence of the X-ray absorption near-edge structure (XANES) spectra at the Pr L 3 -and Tb L 3 -edges was measured for the (Pr 1−y Tb y ) 0.7 Ca 0.3 CoO 3 system, in which a metalinsulator (MI) and spin-state (SS) transition took place simultaneously at a critical temperature T MI . A small increase in the valence of the terbium ion was found below T MI , besides the enhancement of the praseodymium valence; the trivalent states, which are stable at room temperature, change to a 3+/4+ ionic mixture at low temperatures. In particular for the y=0.2 sample, the average valence determined at 8 K amounts to 3.25+ and 3.03+ for the Pr and Tb ion, respectively.
exhibit a pronounced first-order transition to a low-temperature phase of weakly paramagnetic character and reduced conduction. This transition is referred in the literature as the metal-insulator (MI) transition, because of the large resistivity change making one or two orders of magnitude and its sharpness. It was revealed for the first time on Pr 0.5 Ca 0.5 CoO 3 at T MI ∼ 90 K, and was documented, in addition to the step-like resistivity jump, by concomitant anomalies in the magnetic susceptibility, heat capacity and lattice dilatation. 4, 5 The change in the electronic structure was confirmed at T MI by the photoemission spectroscopy.
6
The mechanism of the transition was tentatively ascribed to a spin-state crossover from the itinerant cobalt states to an ordered mixture of localized LS Co 3+ and LS Co 4+ (t 5 2g e 0 g , S=1/2) states. Thereafter, the existence of Co 3+ /Co 4+ ordering was questioned because similar transition was evidenced also in the less doped Pr 1−x Ca x CoO 3 (x=0.3) under high pressures, 7 or in the (Pr 1−y RE y ) 1−x Ca x CoO 3 system (0.2≤ x ≤0.5) with a partial substitution of Pr by smaller RE cations such as Sm, Eu and Y under ambient pressure. [7] [8] [9] This MI transition accompanied by SS transition appeared to be conditioned not only by the presence of both Pr and Ca ions, but also by a larger structural distortion of the CoO 6 network, depending on the average ionic radius and size mismatch of perovskite A-site ions. 9 Furthermore, the critical temperature T MI was found to be depressed by the applied magnetic field.
10,11
An alternative scenario explaining the nature of such specific transition was proposed on the basis of electronic structure calculations exploiting the temperature dependence of the structural experimental data for Pr 0. was detected by photoelectron spectroscopy. 21 In the present study, we thus show a detailed temperature dependence of the XANES spectra around the RE L 3 -edges measured using the bulk sensitive transmission method, and derive the RE ion states from the spectra. weighted with proper molar ratios and ground using an agate mortar and pestle for 1 h.
Mixed powders were calcined at 1000
• C for 24 h in air. Then they were pulverized, ground, and pressed into pellets of 20 mm diameter and 4 mm thickness. Pellets were sintered at 1200
• C for 24 h in 0.1 MPa flowing oxygen gas. The measured relative densities of each sample were greater than 90%. Powder X-ray diffraction patterns were taken for each sample using Cu Kα radiation; the samples were confirmed to have a single-phase orthoperovskite Pbnm structure. The oxygen stoichiometry was checked on the y=0 sample (Pr 0.7 Ca 0.3 CoO 3 ) using the high resolution neutron diffraction, and practically ideal oxygen content 2.99 ± 0.01 has been found. For the XANES measurements, a small amount of the samples were pulverized, mixed with boron nitride powder (99.9%) with proper molar ratios in order to optimize absorption, and pelletized 6 mm in diameter and 0.5 mm in thickness.
Each XANES spectrum of the samples was measured at BL01B1 of SPring-8 in Japan.
The beam was monochromatized using a Si(111) double-crystal monochromator. The spectra were recorded in the transmission mode with the detectors of the ionization chambers and obtained at various temperatures from 8 to 300 K using a cryocooler. The measurements were performed upon the heating run. The energy resolution was within 1.5 eV around E=8 keV. The electrical resistivity ρ(T ) and magnetic susceptibility χ(T ) of the 17 In Fig. 2(a) , the first oscillation around 6000 eV can be seen in the XANES spectra, where the broad peak shifts to high-energy side with decreasing temperature. These results qualitatively suggest that the Pr-O distance shortens with decreasing temperature. The detailed analysis must be performed using extended X-ray absorption fine structure (EXAFS). The form of XANES spectra is changing around T MI ∼ 145 K. There is a small drop of the intensity of peak C, which is a fingerprint of Tb 3+ , and at the same time, peak D increases slightly and shifts to lower energy. The peak D is a manifestation of Tb 4+ states, namely, of the configuration 4f 7 .
26,28
The observed behavior thus suggests that the valence of the Tb ions increases below T MI , simultaneously with the valence shift of Pr ions. In Fig. 2(b) , a slight peak shift of the first oscillation around 7552 eV can be also observed with decreasing temperature.
C. Valence shifts of the Pr and Tb ions
In order to determine the valence shift of Pr ion quantitatively, the XANES spectra were fitted to a sum of three Lorentzian functions (peak A for Pr 3+ and peaks B1 and B2 for Pr 4+ ) and one arctangent function, as indicated in ref. 16 . Then the valence of Pr ions in the Tb substituted samples was deduced from the intensity ratio I B1 /I A of the B1 spectral peak to the A spectral peak using the calibration line that took into account the actual I B1 /I A values for Pr 3.0+ and that for Pr 3.667+ (not shown). Figure 3(a) shows the temperature dependence of the XANES spectra at the Pr L 3 -edge for pure Pr 0.7 Ca 0.3 CoO 3 with ferromagnetic metallic ground state (see Fig. 1 ). Apart of the main peak A, there is again a small bump at around 5980 eV, originating in the multiple scattering as mentioned above. The fit of XANES spectra is exemplified in Fig.  4 using the data for the (Pr 0.8 Tb 0.2 ) 0.7 Ca 0.3 CoO 3 sample at 8 K, where the valence change achieves a maximum.
It turns out that the XANES spectrum at Pr L 3 -edge is well reproduced within the energy range from 5944 to 5985 eV including the peaks related to Pr 3+ and Pr 4+ . The B2 component at the slope of main peak A is also resolved and the presence of Pr 3+ /Pr 4+ mixture is thus obvious. Figure 4(b) shows the fit of the XANES spectrum at Tb L 3 -edge for the same sample, also at 8 K. The XANES spectrum cannot be reproduced without considering both characteristic peaks of Tb 3+ and Tb 4+ (features C and D, respectively).
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The results based on the curve fitting of XANES spectra are summarized in Figs For the samarium substituted sample, although the intensity of the main peak of Sm
3+
at 6720 eV slightly decreased with decreasing T , no isomeric shift or new spectral feature is detected. This result suggests that the Sm valence remains essentially as 3.0+ over the entire temperature range. For the europium substituted sample, the spectrum does not change at all down to 8 K and, consequently, the valence of the Eu ion also remains 3.0+. To demonstrate the effect of particular rare earths, the transition temperature T MI is plotted in Fig. 7 (a) as a function of the average ionic radius of the perovskite A-site, r A .
The experimental results for the RE=Y system (y=0.075, 0.1 and 0.2) are also shown. It is seen that the interrelation between T MI and r A is not universal, the curves gradually shift to the large r A side with decreasing ionic radius of RE. In this comparison, the curve for RE=Tb is not peculiar, which can be understood, since the actual shift of Tb valence is fairly small (to 3.03+ in maximum). Nonetheless, the possibility of Tb 3+ /Tb 4+ crossover in cobaltites is confirmed and additional studies aiming to exemplify this valence change are under way. As a final note to Fig. 7(a) we may mention that the T MI vs r A relation is applicable only for the (Pr 1−y RE y ) 0.7 Ca 0.3 CoO 3 systems and does not hold for the intensively studied system Pr 0.5 Ca 0.5 CoO 3−δ , in which the Co, Pr valences and T MI strongly depend on the actual oxygen content. 4, 7, 17, 29, 30 Finally, in Fig. 7(b derived systems are prepared generally as stoichiometric ones, as proved for selected samples by thermogravimetry or neutron diffraction method. The oxygen stoichiometry can be inferred also indirectly, comparing the electric transport properties, as shown in our previous paper on the Y-substituted samples. 15 The results in Fig. 7(b) show that the doping level of the cobalt subsystem decreases from 0.30 hole per f. u. to about 0.15 hole per f. u., similar for Tb content of y=0.1 and 0.2. Analogous data for other RE system studied by us are also presented.
IV. CONCLUSION
Temperature dependence of the X-ray absorption near-edge structure (XANES) spectra at the Pr L 3 and RE L 3 edges was measured for the (Pr 1−y RE y ) 0.7 Ca 0. (1) In all the studied Pr-based cobaltites, the trivalent praseodymium ions change to a Pr 3+ /Pr 4+ mixture below T MI , which anticipates that, at the same time, the formal cobalt valence should decrease from 3.3+ closer to 3.0+. spectra. This suggests that Eu 3+ and Sm 3+ are stable in the system over the entire temperature range, and may signify that the energy closeness of trivalent and divalent states in these rare earths has no effect on the praseodymium/cobalt valence equilibria. 
